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LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OFTHH INVKNTION 

1. Field of the Invention 

The invention id** to a liquid crystal display device used for a monitor for 
l ap to P personal compute*, desktop computer, or the like, and a liquid crystal display 
monitor using the same. 

2. Dcsuipiioii of the Related An 

Liquid crystal display devices have become widespread as monitors for laptop 

personal computers and desktop computers. 

In such products, a liquid crystal display device is mounted as a liquid crystal 
display module Including fa combination a liquid crystal dtsplay panel and „ ifefar source 
A configuration of such liquid crystal display device is described in, for example, 
Japanese Patent Laid-Open No. 2n4*ll/lW« -nd i*F— **e* N °" 
21S914/1995. 

SUMMARY OF THE INVENTION 
In rec«xt years, commercial products have been diversify in such product* as 
laptop personal computus and desktop computers. 

More specifically, under circumstances, in which these commercial products 
are produced in various kinds and small quantity, liquid crystal display devices 
but be diversified in configuration. 

Meanwhile, reduction of kinds of parts for liquid crystal display devices has 
become a task in order to supply liquid crystal display ***** «Mv (first task). 
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Also, under ckcurnstances, in which time taken in using monitors of laptop 
personal computers, desktop computers has been increasing, it has been demanded to 
reduce burdens related to maintenance of these commercial products (second task). 
More specifically an increase in time taken in using the above-mentioned computer 
products in use in oTtir.es and personal use has increased burdens on light source units, in 
particular, cold-cathode fluoicsccni Lubes used therefor, uf liquid crystal display devices 
to cause unexpected deterioration of these parts. 

Further, under circumstances, in which computer manufactures have increased, 
it has become important to efficiently supply the above mentioned liquid crystal display 
devices to these manufactures. Under such circumstances, it is essential to reduce 
probability of breakage of liquid crystal display devices as much as possible during 
conveyance of the devices to computer manufactures. ( 

However, under circumstances, in which it is promoted to make liquid crystal 
display devices thin and to make control devices therefor high in performance, it has 
become difficult year after year to reduce the above-mentioned breakage. Also, undci 
circumstances, in which production of Liquid crystal display devices tends to be done in 
various kinds and small quantity, there has been mcieased the pu^ibihly that supplying 
of liquid crystal display devices of particular types cannot bu,t be stopped due to 
problems of the abovc-mcntioucd breakage and so OH. 

It is a first object of the invention to use types of parts for liquid crystal display 
devices in common to stably and flexibly cope with commercial products ot 
manufactures of computers and televisions, which get various in kind. 

It is a second object ot the. invention to simplify maintenance, of liquid crystal 
display devices mounted in computers, display moiiiiois ihcxcfui, and televisions, and to 
omit positional adjustment of a light source unit and a liquid crystal display panel at the 
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time of maintenance or to prevent particles such as dusts from entering a gap between a 
liquid crystal display panel and an optical sheet adjacent thereto. 

To solve the ahove-mentione.d probtems in a liquid crystal display device 
comprising first, second and third housings, the second and ihitd housings of which are 
detachable from one another; a liquid crystal display panel fixed between the first and 
second housings; and a light source fixed to the third housing, being assembled by 
Overlapping the first, second and third housings with one another, the present invention 
fixes a timing-converter board fixed to a surface of the third housing opposite to another 
surface thereof the light source is fixed to, and provides protrusions being formed on the 
opposite surface for determining a maximum thickness ot the liquid crystal display 
device. These protrusions protect parts of the timing-converter board against breakage 
due to external forces applied to the liquid crystal, display device. , 

Also, the protrusions arc fonned inside a peripheral cd^c of Luc liquid crystal 
display device. 

Also, a light source coutiol ciicuiL is auauged on the opposite side surface. 
Also, a first fixing means for fixing the first and second housings, and a second 

fixing incaiis foi fixing the second and third housings are provided, and the first fixing 

means does not fix the third housing- 
Further, a liquid crystal display monitor uses the liquid crystal display device, 

and the first fixing means is used to fix either of a housing of the liquid crystal display 

device, and the first or second housings. 

The above-mentioned first, second and third housings contain Hist members 

(principal plane, member, plate) along a principal plane of, for example, a substrate (for 

example, a member called a liquid crystal display substrate, or a transparent substrate 

corresponds thereto) contained in the above-mentioned liquid crystal display panel. In 
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ihc case wbcic a peripheral edge of an image display area of a liquid crystal display 
device is made small, the first members of the first and second housings arc occupied at 
their surfaces by openings, through which a liquid crystal display panel is exposed, fo 
assume a configuration of a so-called picture frame. Trofilcs of these first members arc 
changed in area in the order of., tor example, the first, second and third housings, and the 
liquid crystal display device is assembled in such a manner dial the profile of the first 
member of one of the housings receives therein the profile of the first member of the 
oihci uf the housing in overlapping manner. Also, at least one of the first, second and 
third housings comprises 3 second member (side surface member, side) projecting from 
one of surfaces of or a peripheral edge of the first member in a thickness direction of the 
substrate. In accordance with use of the liquid crystal display device, the second member 
is in some cases formed integrally in such a manner to surround at t least a part ot the one 
of surfaces of the first member and interrupting portions such as notches are in some 
cases provided On at least the part. The second member also serves as a guide, when 
two of the first to third housings are overlapped on one another. 

"A thickness (maximum rhickne-ss)'' of the. liquid crystal display device in the 
invention is defined as a dimension in a thickness diicciion uf Ihc sulwlralc (direction, in 
which the. second member protrudes). A height of the protrusions is defined as a 
dimension in a thickuc^s diiccliun of the substrate. The definition of this configuration 
will be explained later with reference to the drawings. In addition, the plurality of 
protrusions may be provided on the third member to be spaced from one another, or 
walls formed as the protrusions may be formed on the third member to surround a 
portion (for example, a portion, on which the above-mentioned parts are mounted) of 
the first member of the third housing. 
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Tlic invention makes pans of and types of liquid crystal display devices 
common to enable stably and flexibly coping with commercial products of computer 
makers and television makers, which have been increased in kinds. Also, it is possible 
to simplify maintenance of liquid crystal display devices mounted on computers, display 
monitors t hereto r. and tr.lr.visions, and to omit positional adjustment of a light source 
unit and a liquid crystal display panel at the lime uf maintenance. Alternatively, in the 
case where an optical sheet is provided on the second housing to be adjacent a liquid 
uysLal display panel, the liquid crystal display device can be prevented from being 
deteriorated in optical characteristics due to entering of dust between the liquid crystal 
display panel and the optical sheet, because there is no need to separate the first housing 
and the second housing. 

These and other objects, features and advantages ot the, present invention will 
become more apparent from the following description when taken in conjunction with 
the accompanying drawings. 

KKIKK nFSCRTPTION OF THE DRAWINGS 
Fig. 1 is an exploded, perspective view showing a liquid crystal display device 
according to the invention (a view as seen from a side of a liquid crystal display panel); 

Fi#. 2 is an exploded, perspective view showing the liquid crystal display 
device according to the invention (a view as seen from a back side of the liquid crystal 
display device, that is f a view as seen from a side opposite to the side of Fig. 1 ); 

Figs. 3A-3I include assembly drawings Figs. 3Ato 3G, a perspective view Fig. 
3H, and a sketch drawing Hg. M of the liquid crystal display device according to the 
invention, as viewed from a right side suifacc (III diiccliuu) of Fig* 1; 
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Fifc. 4 is a perspective view showing the liquid crystal display device according 
to the invention, as viewed from a left side surface (IV direction) of Fig. 1; 

Figs. 5A-5D include assembly drawings Figs. 5A to tiC, a perspective view Fig. 
5D of the liquid crystal display device according to the invention, as viewed from a front 
side (V direction) ot Fig. 1; 

Fig. 6 is a sketch chawing of the liquid ciyslal display device according to the 
invention, a$ viewed from a top surface (or the back side of the liquid crystal display 
device) of Fig. 2; 

Figs. 7A and 7B are illustrations of a first constitution according to the 
invention. Fig. 7 A shows The case where a light source drive circuit is provided on the 
liquid crystal display device and Fig. IB shows the case where no light source drive 
circuit is provided: ■ 

Fig. S illustrates a state, in which the liquid crystal display device is packed up 

at the time of shipping; 

Figs. 9A and 9B are illustrations of a second constitution according to the 
invention, Kig. VA shows the ca$r. where a Light source drive circuit is removed from the 
liquid crystal display device and Fig. 9B shows in enlaced b &Ac a cunsiructiun shown by 
a circle of Fig. 9A; 

FifcS. 10A-10C shows an example of a monitor making use of the liquid crystal 
display device according to the invention, Fig. 10A is a side view, Fig. 10B is a front 
view (a view seen from the monitor, that is, from a user's side), and Fig. IOC is a side 
view showing a state, in which the light source unit is removed in the monitor; and 

Kig. VI is a circuit diagram containing a matrix portion and its surroundings of 
the liquid crystal display device. 
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DETAILED DESCRIPTION 
An explanation will be given below to an embodiment of the invention with 
reference to the drawings. In addition, parts having the same function are. designated 
by the same characters in the drawings illustrated below, and reiteration of dw 
explanation is omitted. 
<Euliic Constitution uf an Liquid Crystal Display Device) 

Figs. 1 and 2 are exploded, perspective views showing a liquid crystal display 

device according to the invention. 

Fig. 1 is a perspective view from a side of a liquid crystal display panel (a front 
side ofthe liquid crystal display device relative to a user's visual field), and Hig. 2 is a 
perspective view from a side opposite to Fig- 1 (a back side of the liquid crystal display 
device relative to a user* visual field). 

In Fig. 1, the reference numeral 1 designates a first housing, 2 second bousing 
2, 3 a third housing, 4 a liquid crystal display panel, 5 an optical sheet (a diffusion film on 
an optical source side, and a prism film on a display panel side), 61 cold-calhodc 
fluorescent tubes, 7 a timing-converter board, 8 a light source control circuit board 
constituting a light source couliol ekcuii, 11 an opening (liquid crystal display window) 
ofthe first housing 1, 21 an opening ofthe second housing, 13 a hple in the first housing 
1, 23 holes in the second housing 2, 14 notches (notches bent and fixed) on the first 
housing 1, 2A projections on the second housing 2, 22 a terrace on the second housing 2, 
64, 65 frames, 641, 651 rubber bushes, 43 a flexible printed circuit hoard, 62 connectors 
(high voltage side), 63 connectors (low voltage side), 41 a gate drive IC, and 42 a drain 
drive IC. 

In Fig. 2, the icfcieucc numeral 31 designates a protrusions provided on the 
third housing 3 for protection of parts on the timing-converter board 7, 32 a surface of 
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the icnace, 321, 331 aprons, 33 an upper surface.. 34 side surfaces, 341 openings for 
provision of aprons 331, and 335 an opening for monitoring of brightness of a light 
source. 

The liquid crystal display device is assembled by fixing the liquid ciyslal 
display panel 4 between the. first housing 1 and the second bousing 2, and fixing to the 
second housing 2 and the ibid housiuK 3, to which a light source containing the COld- 
cathode fluorescent tubes 61 (or discharge tubes) is fixed. The second housing 2 and 
the third housing 3 are detachable. The first housing 1. the second housing 2 and the 
third housing 3 are superposed on one another to constitute the liquid crystal display 
device. 

Figs. 3A 31 include detailed assembly drawings of the above-mentioned liquid 
crystal display device as viewed from a 111 direction of Kg. 1 and. views after assembly, 
Fig. 4 is a detailed, perspective view showing the liquid crystal display device aJlci 
assembly as viewed trnm a IV direction of Fig \, and Fig. 5A-5D include conceptual 
assembly drawings and a view, after assembly, of the liquid ciyslal display device as 
viewed from * V diction of Fig. 1. Also, Fig. 6 is an overhead view of Fig. 2 (a back 
view of the liquid ciyslal display xelalive lo a user* visual field) after assembly. In 
addition, it is to be understood that relative to Figs. 1 and 2, constitutions in Figs. 3 to 6 
axe partly deformed for the purpose of explanation. For example, ten cold-cathode 
fluorescent tubes 61 in Figs. 1 and 2 are shown as nine in Figs. 3 to 6- 

In Fig. 3A, the reference numeral 12 designates an upper surface of the first 
housing 1, 15 designates a terrace on the first housing 1, and 1C designates an undcisidc 

nt the first housing 1- 

la Fig. 3B, the icfcicace numcials 411, 421 designate printed circuit boards, 

and 441, 442 designate LCD substrates. 
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In Fin- SC. the reference numeral 25 designates an upper surface (support of 
the LCD substrata) of the second housing 2, 26 designates protrusions, 261 designates 
openings for receiving the protrusions, and 221 designates a terrace. 

In Fig. 3E, the reference numeral 642 designates grooves provided on a name 
M tor holding th, «W-*thode fluorescent tubes 61, and 643 designates screws. 
In Fig. 3F, the icfcicnce numeral 333 designates a hanger. 
In Fig. 3G, the reference numeral 71 designates a timing- converter LSI. 72 
debates a voltage transformation element (ferrite core), and 73 designates a connector 
(port). 

In Fig. 3H, the reference numeral 631 designates a length of cable (low 
voltage side). 

In Fig. 31, MDL designates a liquid crystal display module. 

In Fig. 4, the reference numeral 81 designates a voltage transformation 

element (ferrite coTe). 

In Figs. 5A-5D, the reference numeral 74 designates saews foi Caw* the 
tvmmg^nverter board 7 to an outside surface of the third housing 3, 82 designates 
screws for fixing the light sou.ee conuol uuuA board S to an outside surface of the third 
housing 3, and 334 designates screws. ■ 

<Liquid Crystal Display Panel 4> 

The liquid crystal display panel * comprises, as shown in Fig. 3B, the pair of 
substrates 441.. 442, a body containing liquid crystal compounds sea.ed between the 
substrates, and the drive ICs (btcgratcd circuit elements) 41, 42 for applying electric 
field to the Hq.ud crystal compounds to change optical transmissivity in a direction 
through the substrates. Tlxese drive ICs »c »i wd P*** circuit boards 411. 

421, which in turn are mounted on a peripheral edge of one .42 of the pair of substrates. 
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The liquid ciyslal compounds scaled between the pair of substrates 441. 442 constitute a 
so-called liquid crystal layer between the substrates, and as the layer is negligibly thin in 
thickness as compared with the both substrates, it is not shown. 

Fig. 11 is a schematic view showing the liquid crystal display device, that is, a 
connection diagram containing an <-.qiuval*nt network for a display matrix portion and its 

surrounding network. 

Tcon designates a timing-converter circuit, SC designates an image display 
ic^ioii, PX designates a pixeL C Lr designates a capacitance of a liquid crystal layer (cell), 
C s designates an additional capacitance of an pixel, GAIT DRV designates a gate signal 
drive circuit, GL designates gate signal lines (scanning signal lines), DAIA-UKV 
designates a data signal drive circuit, DL designates data signal lines (picture signal 
lines), Vcom designates a common (counter) voltage power source, and t :i . designate* a 
common (counter) voltage signal line. 

The liquid crystal display panel 4 shown in the. embodiment is a liquid crystal 
display device called an active matrix type, and is known as one having, foi example, an 
equivalent network shown in Hg 11 As shown in Fig. 11, the. liquid crystal display 
device of this type have switching elements TFT on icsucclivc pixels PX (one of which 
is shown in an area enclosed by broken lines) arranged two-dimensionally in an image 
display axea (a so-called screen) SC, and at least a pair of electrodes (forming of 
capacitance C LC with the liquid crystal layer therebetween) for application of electric 
field to the liquid crystal layer. In the liquid crystal display device according to the 
embodiment, the above-mentioned switching elements TFT arc represented by symbols 
fOT field-effect transistors, and may be. replaced bv diodes or the like. 

The gate signal lines GL are connected to *alc electrodes uf symbols for field- 
effect transistors, to which signals from the gate signal drive circuit GATE-DRV are 
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supplied. The gate signal lines GL are arranged In plural In parallel on, for example, the 
substrate 142, and connected to gate electrodes of the switching elements TFT for the 
respective pixels PX arranged along the respective gate signal lints GI .. 

Meanwhile, each of electric paths opened and closed by the switchiu* 
r.lnxwnts TFT is connected at one end thereof to one of a pair of electrodes (called pixel 
elecnodes), which fo.m capacitance C LC with the above-mentioned liquid crystal layer 
therebetween, and connected at the other end thereof to the data signal lines DL. The 
data signal lines DL are arranged in plural in parallel on ; for example, the substrate 442, 
and connected to the above mentioned other ends of the switching elements TFT for the 
respective pixels PX arranged along the respective data signal lines DL. The above- 
mentioned other ends of the switching elements TFT are supplied with signals from the 
data Signal drive circuit DATA-DKV. The ahove-menMoned one, ends of the. switching 
elements TFT may be conveniently called source electrodes, and the other ends called 
drain electrodes, irrespective of rnnctiom thereof Thexefore, the data signal drive, 
circuit DATA-DRV is called "drain signal drive circuit". 

The. ri*t* signal lines DL and the gate, signal lines GL extend in directions, in 
which they intersect each olhcx, and al c electrically separated from each other above and 
below an insulating 61m (for example, a gate insulating film of the above-mentioned ■ 
field-effect transistors) on the substrate 442. 

In the respective pixels PX shown in Fig. 11, the other (called counter 
electrode or common electrode) of the pair of electrodes, which tnrm capac.it.ncr. ( : LC 
. with the liquid crystal layer therebetween, is applied with a predetermined voltage 
through the. counter voltage, signal line CL from the voltage power source Vcom. Also, 
the additional capackauce C s is Conned m order lo suppress fluctuation of potential 
difference between the electrodes, which form capacitance with the liquid crystal 
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layer therebetween, while the switching elements TFT axe closed. The additional 
capacitance C 5 is constituted by, for example, having the above-mentioned pixel 
electrode and the counter electrode facing each other with n dielectric (rhr. abov«- 
mcntioncd gate insulating Am or the l*c) except the liquid crystal laye, With ones 
roller, a TN type (twisted nematic) among liquid crystal dkplay devices, the pixel 
ekcttodc and the counts eleUiode ate frequently arranged to face each other with the 
liquid crystal layer interposed therebetween, and with on e s called a IPS type (enplane 
switching type) or a FFS type (fringe field type), the pixel electrode and the counter 
electrode are frequently arranged on the same substrate. With the TN type, pixel 
electrodes are provided separately every pixel PX on, for example, the substrate 442, 
while counter electrodes ore in some ca 3 c provided, which is large to face pixel 
electrodes of a plurality of pixels FX disposed m the image di ?P .a y a™ SC on the. 
substrate 441. 

With a liquid crystal display rlrvir* of active matrix type, switching elements 
TFT of a plurality of pixels PX along the respective gale signal lines GL «ic selectively 
opened ev.xy gat, signal, line GLto supply data signals to the pixels disposed along the 
respective gate signal lines GL iu a tintc-divisional manner. A circuit for controlling 
this is called the timing-converter circuit Tcon. Such timing-cpnverter circuit Tcon 
generates clock signals for, e.g. the above-mentioned time-divisional control, and 
supplies a liquid crystal drive voltage applied to the liquid crystal layer, which 
corresponds to individual pixels PX. A circuit having a tunctfcn. Mat to this is iiwrt 
ra passive matrix type liquid crystal display devices (typified by STN (super twisted 
nematir,)). Accordingly, the timing-converter circuit Tcon is "estimated as a liquid 
crystal drive coutiol and powci suuice circuit. 



12 



2000* 9826B 88159^ BSHI fc* 



NO. 1793 P. 22/57 



The timing-convener circuit Tcon is fonned on the timing-converter board 7 
(printed board) shown in Figs. 1 to 6 to be disposed on a back surface (an upper surface 
33 Shown in Fig. 2) of the third housing H * viewed trom . user of the. UpU crystal 
display device. As shown in Figs. 3 and G, the tmung-convmer bo*d 7 mounts 
thereon the. voltage transformation element 72 made of ferrite core or the like in addition 
to the tL^K-cOiivcac, LSI 71. While olher elements axe fonned on the timing- 
converter board 7, they are omitted from the drawings for the simplicity of explanation. 

As described above., the timing-converter circuit Tcon not only generates 
signals for image display control, but also supplies data signal voltage applied to the 
liquid crystal layer. The liquid crystal display device ft supp.ied with a power source 
voltage of, for example, 12 V (oven when AC voltage of 100 V is supplied from an 
external power source, it * once converted into a predetermined power sour- voltage 
value). In contrast, the drive ICs connected to the gate signal lines GL and the data 
signa. lines Ul. have vo.tage ot * V to S V. On the other hand, voltage, applied to the 
liquid crystal layer by the pixel electrodes in the individual pUeb PX ran**, fi» example, 
from S V to 1 0 V depending upon the kind of liquid crystal compounds used. Further, 
to avoid polarization of the liquid c,vsul layer during control thereof, it is necessary to 
reverse polarity relative to electric potential of the counter electees. Accordingly, it 
* requested that supplying of voltage to the pixel electrodes realize voltage fluctuation 
in the range of two times voltage applied the Uquid crystal layer, for example, 10 V to 20 
V. Therefore, it is essential to mount the voltage transform^ element 11. on the. 
riming-convcrtcr board 7 in order to generate voltage signals, winch are different in 
wuffh Of fluctuation by use,., from a predetermined voltage supplied to the timing- 
converter substrate. Such .cquest is the same with a Uquid crystal drive control and 
poW er source circuit in passive matrix type Uquid crystal display devices. 
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In a liquid crystal display device of active matrix type, the gate signal drive 
circuit GATE DRV shown in Fig. 11 contains the plurality of gate drive ICs 41 (shown 
in Figs. 1, 3 arrd 4. The data signal drive circuit DAI A-DKV retains the. pMrahty of 
data drive ICs 42 shown in Tigs. 1, 3 and 4. The tmnng-converter boa.d 7 and these 
groups of drive, tt* are connected to each other by the flexible printed circuit board 43. 
A circuit pattau grated on the flexible printed circuit board 43 b connected at one 
end thereof to a circuit pattern generated on one end of a printed circuit board 412 
mounting the data drive ICs 42, and a terminal provided on the other end thereof is 
inserted into the connector (port) 73 provided on the timing-converter board 7 to 
connect the both circuit patterns to each other. 

The timing converter board 7 supplies, through the flexible printed circuit 
board 43. Clock signals, drive voltage ot the gate drive Kk 41 and so on to the gate 
signal drive circuit GATE-DRV, and supplies clock signals, drive voltage of the data 
drive ICs 42, vo.ta g e applied to the liquid crystal layer and so on to the. data signal drive 
circuit DATA-DRV. The gate drive ICs 41 constituting the gale signal drive circuit 
GAI-K-OKV ar, mounted on the printed circuit board 411, and receive voltages and 
signals from the tiuuug<ou«ii« U«ud 7 owin K to connection of the both circuit 
patterns to each other by means of joiners (not shown) provided between the printed 
circuit board 411 and the printed circuit board 412. An arrangement similar to the 
above one is found in passive matrix type liquid crystal display devices, SO, for example, 
the gate drive ICs 41 are replaced by common electrode drive Ids, and the data drive 
ICs 42 are replaced by segment drive ICs. 
(Storage, of the I .iquid Crystal Display Panel 4> 

The above-mentioned liquid uysial display panel 4 b contained between the 
first housing 1 and the second housing 2 shown in Figs. 1 to 3. 
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The iniaKe display area SC noi shown but diagrammatically shown in Fig- 11 is 
formed on an upper surface of the liquid crystal display panel 4 shown in Fig. 1- The 
first housing 1 has the opening 11 contacting with the upper surtax, through whir* 
opening a user of the liquid crystal display device sees the image display area SC A 
surface of the. first housing 1 having therein the opening 11 is formed by a sheet material 
of, for example, metal oi the like, which has ihc upper surface 12 facing a side of a user 
of the liquid crystal display device and the surface (underside) 16 opposite to the upper 
suifacc, as shown in Fig. 3A. The liquid crystal display panel 4 shown in Fig, 1 is fixed 
to the first housing 1 with a peripheral edge of its upper surface contacting with the 
underside 16. 

The underside (upper surface in Fig. 2) of the liquid crystal display panel 4 
Shown in Fig. 1 is fixed such that its peripheral edge contacts with a recess 7/5 on thr. 
upper surfoce of the second housing 2 shown in Fig. 3C. Although not shown in Fig. 
3C, the recess 25 on the upper surface is provided with an opening, which corresponds 
to the image display area SC in the liquid crystal display panel 4. i 

In this manner, the. first housing 1 and the second housing 2 are fixed in a State, 
in which the peripheral portions on the uppci suifacc of and on the underside of the 
liquid crystal display panel d are contacted with the first housing 1 and the second 
bousins 2, respectively. Either of the first housing 1 and the second housing 2 is 
formed with a side surface, which extends in a direction, along which its peripheral edge 
intersects the upper surface or the underside of the liquid crystal display panel 4. As 
shown in Figs. 1 and 3A, rectangular-shaped notches 14 are formed on lower portions of 
side surfaces of the first housing 1 . Also, holes 13 are provided at two locations on III- 
and V-sides, respectively, of these side suifeccs in Ffr. 1. Meanwhile, as shown in Figs. 
1 and 3B, protrusions 24 are formed on lower portions of side surfaces of the second 
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housing ?- Also, holes 23 are provided at two locations on III- and V-sidcs, 
icspcuivcly, of these side surfaces in Fig. 1- 

The liquid crystal display panel 4 is received between the first housing 1 and 
the second housing 2 in a state, in which the second housing 2 is covered hy side 
surfaces of the first housing 1 when the both housings arc put together. The holes 13 in 
the first housing 1 and the holes 7/4 in the. second housing 2 are formed so as to be 
Substantially aligned in position when the liquid ciysud display panel 4 is held between 
these housings. Threads are formed on inner walls of at least one of the holes 13 and 
the holes 23. Fiisu saews are passed through the corresponding holes 23 from the 
four holes 13 (two on the Ill-side and two on the V-side in Fig. 1) on the side surfaces of 
the first housing 1 to loosely fix the first housing 1 and the second housing 2 to each 

Other. ' 

At this time., the notches 14 on the side surfaces of the first housing 1 come 
near the protrusions 21 provided on the lower portions of the side surfaces of the second 
housing 2 (see Figs. 1, 3C and 5B). The respective notches 14 are pushed and bent 
below the side surfaces of the second housing 2 (in other words, inside the first housing 
I) in such a manner as to have rectangular, upper sides of the notches 14 (see Figs. 1, 3A. 
and 5A) abutting against the lower portions (on which the protrusions aic not foimcd) 
of the protrusions 7d on the side surfaces of the second housing 2. Thereby, the first 
housing 1 and the second housing 2 arc CacU lu each other. Fig. 6 shows the first 
housing 1 as being positioned outermost as a profile 1 of its side surfaces and the second 
housing 2 as being positioned adjacent to the profile 1 of the first housing 1 as a profile 2 
(a portion thereof partly covered by the terrace on the Erst housing 1 (described later) in 
an upper area Of the drawing being indicated by broken l.inr.) of its side surfaces. As 
shown in Fig. 6, the notches 14 arc bent whereby the fust housing 1 assumes such a 
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configuration that the notches hold undersides of the side surfaces of the second housing 
2. In this manner, for example, Japanese Patent Laid-Opcn No. 199180/1995 discloses 
a configuration, in which notches 14 (or pawls) are formed on sid* snifter* of one of 
housings and arc pushed into recesses formed on those side suifaccs of die oihci of Ihe 
housing, which contact with the side surfaces of the one of the housings, to fix the two 
housings. Of couise, the uuichcs 14 on the side surfaces of the first housing 1 may be 
replaced by holes and the side surfaces of the second housing 2 may be extended 
downward to permit threaded holes to be formed on the side surfaces to be conformed 
to the holes on the side surfaces of the first housing. 

AS Shown in Figs. 1, 3C and 5B, upwardly extending protrusions 26 are 
formed on upper portions of the side surfaces of the second housing 2. The 
protrusions 26 are provided by forming cuts partially on the she^r material on the side 
surfaces and bending the same upward. Accordingly, openings 201 apycai on the 
upper portions ot the side surfaces responding to the protrusions 26. The 
protrusions 26 serve as a guide when the second housing 2 is iusdied iulo a space 
defined by the side surfer.es of the first housing 1, and are formed so as to contact with 
the underside 16 of tLe fust Lousin* 1 (sec Fi^s. 3A and 5A) at the time when the liquid 
crystal display panel d is received between the housings. Therefore, even if forces 
icndhtK to push the housings toward each other were applied, they would be buffered by 
the protrusions 26 and the underside 16 of the first housing 1 before being applied to the 
liquid crystal display panel 4, whereby in particular, the glass substrate of the. liquid 
crystal display panel 4 is prevented from being broken. 

As Shown in Jrjgs 3C and 5B, the second housing 2 is formed with terraces 22, 
221, which extend inside uoiu the side suifaccs, as well as with the upper surface 25 
having the recess holding the liquid crystal display panel A . The terrace 22 hides below 
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the upper surface 25 of the second housing 2 in Fig. 1 but can be seen in Fig. 2. Also, 
as shown in Fig. 5B, the terrace 22 is formed on that portion of the side along the data 
drive ICS 42. on which the protrusion* 24 are formed. Formed between the terraces 22, 
221 and an underside (back surface) of the upper surface 25 is a *ap, iulo which an cud 
of the optical sheet 5 shown in Fig. 3D is inserted to be fixed. The optical sheet 5 is 
fixed in the oiiki ut fui example, the prism sheet and the diffusion sheet from a side of 
the liquid crystal display panel A. The diffusion sheet may be replaced by n diffusion 
plate, which is provided by applying dot printing to an acrylic plate, in which case the 
recess portion on the upper surface 25 is preferably formed by a separate member and an 
edge of the upper surface 25 surrounding the recess is titled onto a peripheral edge of 
the member. With such arrangement, the diffusion plate is surely fixed to the second 
housing 2 upon securing or the first housing 1 and the second housing 2. The. optical 
Sheet may be replaced by a constitution composed of a first prism sheet, a Gist diffusion 
sheet, a second dith.sion sheet, and a second prism sheet for the liquid crystal display 
panel 4 in accordance with use of the liquid ciystal display device and specifications of 
an optical source unit described later. 
(Assembly of the Optical Unit (securing manner thereof to the third housing 3)> 

As shown in Figs. 1, 1 and 3E, the third housing 3 is cpmposed of the upper 
surface 33 projecting on a back side as viewed from a user of the liquid crystal display 
device, side surfaces 31 joined to two opposite sides at ends of the upper surface, and 
terraces 32 joined to ends of the respective side snrtaces to extend on a plane along the 
upper surface 33. As shown in Figs. 3A-3I : assuming that a side of a u S ci of the liquid 
crystal display device is disposed on an upper portion of the drawing, the third housing 3 
has a cross sectional shape "downwardly concave". Also, as apparent from Figs. 1 and 
5C, the downwardly concave, cross sectional shape appears along a direction, in which 
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the gate drive ICs 41 are arranged, but does not appear along a direction, in which the 
gate drive ICs 42 are arranged. 

In this embodiment, the downwardly concave, shape of the. third housing 3 is 
made use of to fix the plurality of eold-cathode fluorescent tubes 61, which couslilulc 
light source, units of the liquid crystal display device. Supplied at one ends with a 
highci voltage Usui ai the oihei ends, ihe cold-cathode fluorescent rubes 61 is lit. The 
one ends of the cold-cathode fluorescent tubes 61 are called high voltage sides (hot 
sides), and the other ends are called low voltage sides (cold sides). In Fig. 1. portions 
near the high voltage ends of the cold cathode fluorescent tubes 61 arc fitted into 
grooves 652 provided on the frame 65. and rubber bushes ftf 1 are inserted into the. 
grooves 652 to be fixed to the frame 65. Likewise, portions near the low voltage ends 
Of the cold-cathode fluorescent tubes hi are fitted into grooves, 647. provided on the. 
frame 64, and rubber bushes 641 are inserted into the grooves to be fixed to the frame 
M. The frames 64, h> riving thereto the. both ends of the cold-cathode fluorescent 
tubes 61 are fixed to and contacted with the uppei suifacc 33 and the side surfaces 34 on 
the. third housing 3. Fig. 3E is a view illustrating assembly as viewed from the low 
voltage sides of the cold-cathode fluotcscenl lubes 61. Screws 643 are passed through 
holes (not shown) formed on both ends of the frame 64, and tip ends of the screws are 
inserted into and fixed to screw holes (not shown) provided on the upper surface 33 
shown in Fig. 3F (back side of the upper surface 33 as viewed from Fig. 2). The frame 
65 on the high voltage Sides of the cold-cathode fluorescent tubes 61 is tive.rl to the. third 
housing 3 by way of similar screws, but an illustration thereof is omitted. The low 
voltage, terminals of the. r.old -cathode, fluorescent tubes 61 project from the frame 64, 
and the high v 0 lta S c icuumals uwiecl hum ihe frame 65. Connectors 63 are connected 
to the low voltage terminals, and connectors 62 are connected to the high voltage 
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tciniiuals. In the present embodiment, the connectors 63 connecting in parallel to the 
plurality of terminals of the cold cathode fluorescent tubes 61 arc used in order that a 
terminal voltage on the low voltage side be made a reference voltage in the third housing 
3 (ground voltage in the case where the third housing 3 itself is to be kept at fciOund 
potential). Hig. H.H. is a perspective view after assembly of the first to third housings, 
which shows a parallel coaujcciion lu lengths of cable (lead) 631 passing through central 
portions of the connectors 63 in the form of frame shown by broken lines. Meanwhile, 
the connectors 62 having separate leads for every terminal are used for the high voltage 
terminals of the cold-cathode fluorescent tubes 61. As shown in Fig- 1 and the 
perspective views as viewed in a IV direction after assembly of the first to third housings, 
four of the connectors 62 present such an external appearance that they were connected 
to two Of the cold-cathode fluorescent tubes hi . However, internal wiring is not one 
for conduction between two of the cold-cathode fluorescent tubes 61- This is because 
Of consideration in making lengths of voltage- supply paths between the high voltage 
terminals of the respective eold-cathode fluorescent tubes 61 and volume Uansfuiinaliun 
elements XI, described later, for supplying of voltage to the respective terminals, 
uniform. The above-niculioucd connection of the connectors 62, 63 leads to 
completion of a light source unit of the so-called type built-in , immediately below a 
backlight panel, in which the plurality of the cold-cathode fluorescent tubes 61 are 
arranged opposite to the liquid crystal display panel 4. In addition, reflective sheets 
(not shown) are applied on surfaces on those sides nf the upper surface A'l and the side 
surfaces 34 of the third housing 3, to which the built-in frames 64, 65 arc fixed, whcicby 
light radiated nn the surfaces from the respective cold-cathode fluorescent tubes 61 is 
reflected on the liquid crystal display panel 4 to enhance luminance of the image display 
area SC. 
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Tbc timing-converter board 7 shown in Figs. 1 and 3G and the light source 
control circuit board 8 (printed circuit board) shown in Fig. 1 arc mounted on the upper 
surface 33 (a side opposite to that side, on which the built-in frames 64, b> tor the. coW- 
cathodc fluorescent tubca 61 are fixed) of the third housing 3. These boaids axe 
tnrmerl by cutting portions of a sheet material, which constitutes the upper surface 33, 
raising the same above the uup C1 suifacc 33 (back side as viewed from a user of the 
liquid crystal display device), and further securely fitting peripheral edges of the same 
unto hangers 333, which are formed in an angle fashion. The timing-convener board 7 
are required to be disposed at comers of the upper surface 33 for the purpose of 
supplying signals and voltage to the gate drive ICs 41 and the gate drive ICs 42. 
Therefore, as shown in Figs. 2, 3F and 6, portions of the side surfaces 34 of the third 
housing 3 are cut from the upper surface 33 side to torm apron? .-531 conformed to a 
height of the upper surface 33. The timing-converter board 7 is fixed to screw holes 
334 provided on the aprons by means of screws 74. Meanwhile, the light source 
control circuit board 8 is also fixed to the upper surface 33 by wcaiis of scicws 82. 

The light sourer, control circuit board 8 in this embodiment is formed with an 
inverter circuit (dimmer circuit) foi conuolliu* ufchlius of the cold-cathode fluorescent 
tubes 61, and a power source circuit, which is controlled by the former to supply voltage 
to the nudJ voliaKc Icnriinak of the respective cold-cathode fluorescent tubes 61. As 
the technique for using an inverter circuit to stabilize lighting of the cold-cathode 
fluorescent tubes 61 has already become widespread, a detailed explanation thereof is 
omitted herein. Voltage supplied to the high voltage terminals of the respective cold- 
cathode fluorescent tubes 61 is high, for example, 600 V, 6mA relative to drive voltages 
for not only the inverter circuit but also the diuunci ciicuh. In contrast, power source 
voltage supplied to light source control circuit board 8 is low like that on the timing 
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converter board 7. Also, it is desired that voltage supply paths for supplying such high 
voltage to the high voltage terminals of the respective cold-cathode fluorescent tubes 61 
be made smaller, and it is requested in giving uniform brightness to the image, display 
area SC in the liquid crystal display panel 4 that voltage supply paths between the cold- 
cat horto fluorescent tubes 61 be. made uniform in length especially in a light source unit, 
which uses the plurality of coid-caLhodc fluuicsccnl lubes 61. Therefore, the voltage 
transformation elements 81 for supplying voltage to the high voltage terminals of the 
lespcuive culd-cathode fluorescent tubes 61 are mounted on the light source control 
circuit board 8 disposed on the upper surface of the third housing 3, and in the case 
where the plurality of cold-cathode Ouorescent tubes 61 are provided in parallel as in the 
embodiment, the voltage transformation elements 81 will be disposed along the 
arrangement of the cold-cathode fluorescent tubes 61 . 

Such request for the specification of the light source control circuit board 8 is 
the same not only for a light source unit of thp. above-mentioned type built-in 
immediately, below a backlight panel, but also for a configuration (liglil-tiajisuiissiun 
plate type light soutcp unit), in which discharge tubes such as the cold-cathode 
fluorescent tubes 61 arc arranged in a position offset It out a lower portion of the image 
display area- SC in the liquid crystal display panel 4, and a light-transmission plate for 
iiausuiilliiiK light is disposed in the lower portion of the image display area SC so that 
light from the discharge tubes is conducted via the light transmission plate to the image 
display area SC in the liquid crystal display panel 4. The reason for this is that m this 
configuration high voltage as compared with that for the above-mentioned other drive 
circuits must be supplied to one p.nHs of the. discharge, tubes. 

Accordingly, configuiations of a chuuiL paUeni in the light source control 
circuit board 8 and of the connectors 62 on the high voltage side, connected to the board 
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are designed taking account of these requests. 

In contrast to that wiring on the high voltage side of the cold-cathode 
fluorescent tubes 61, which is restricted with respect to lengths of the voltage supply 
paths, wiring on the low voltage side has freedom in confirmation. Foi example, as 
shown in Fig. 6 7 the. cable 631 may be extended to the light source control circuit board 
8 aaoss the uppci surface 33 of Lhe third housing 3 from the low voltage terminals Of 
the cold-cathode fluorescent tubes. 

In addition, as shown in Fig. 6, the upper surface 33 of the third housing 3 
contains a so-called vacant space where the timing-converter board 7 and the light 
source control circuit board 8 are not disposed. Such vacant space is suitable tor 
mounting of optional circuits by makers, which incorporate liquid crystal display devices 
into set products such as personal computers, liquid crystal, display monitors or 
televisions. Also, an opening 335 formed centrally of the upper suiface 33 serves as a 
measurement window of * light receiving element for measuring luminance of the cold- 
cathode fluorescent tubes. In the case where a luiuhiaucc monitor circuit of the light 
source unit is mounted in the vacant space on the upper surface 33 of the third housing 3, 
the liquid crystal display panel can be stably maintained in brightness by measuring 
emission luminance of the light source unit through the opening 335, and performing 
feed-back of the result to a control circuit on the light source control circuit board 8. 

{Assembly of the Liquid Crystal Display Device (raxing of the third housing 3 to the 
second housing 2)> 

As described above, the third housing 3, into which the light source unit is 
assembled and to which the timing-converter board 7 and the light source control circuit 
board 8 are fixed, is fucd to lhe second huusing 2. Such fixed configuration is shown 
in Fig. 3(h), which is a perspective view as viewed from a III direction of Fig- 1, and 
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shown in Fig. 4, which is a perspective view as viewed from a IV direction of Fig. I, and 
further shown in Fig. 5D, which is a perspective view as viewed from a V direction of 
Fig. 1. 

As shown at a left end of Fig. 3H, the tcnacc 32 foiwed al one end of the third 
housing 3 and the terrace 22 emended from inside the side surface of the second housing 
2 aic Iked to each oihci by screws 322. Locations for such fixing are three as shown 
in Figs. 5A-5D. The screws 322 are set in length so as not to extend through the 
terrace 22 to project much from the upper surface thereof. 

Meanwhile, as shown on a right side of Fig. 3H, the terrace 221 extended from 
inside the side surface of the second housing 2 and the terrace 1 .s extended from inside 
the side surface of the first housing 1 define a recess. Fitted into this recess is the 
terrace 32 formed at the otheT end ot the third housing 3- The third housing 3 is fixed 
to the second housing 2 by first fitting the terrace 32 formed at the olhci end of the ihiid 
housing A into The recess, then putting the terrace 32 formed at the one end of the third 
housing 3 and the terrace 22 of the second housing 2 tofcethci to Ga thern by the screws 
H77. 

Instead of founiiifc the recess by the terrace 15 on the right side of Fig. 3H, 
screw holes may be provided in the terrace 221 of the second housing and the terrace 32 
at the other end of the third housing 3 may be fixed by screws. This configuration 
makes the first housing simple in design. 

Meanwhile, in the case of screwing the terrace A2 to the te.rrar.es 721, the 
following should be taken care of. In the case where an optical shecL is somewhat laitfc 
in si7.e. tip ends of the screws projected from upper surfaces of the terraces 22, 221 press 
ends of the optical shceu Such pressing causes the possibility of imparting an 
unexpected polarized component to light incident on the liquid crystal display panel 4 
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from the light source unit. To avoid this, there is recommended a configuration, in 
which the terrace 32 formed at the other end of the third housing 3 is fitted into the 
recess. Also, in the embodiment, a position where the terracp. "57 at the. one end of the 
third housing 3 is screwed to the terrace 22 of the second housing 2 is set neat an iuiici 
waU on the. side surface of the second housing 2 distant from the image display area SC 
in the liquid ciysiai display panel 4. Further, the position of screwing is provided on a 
side where the gate drive ICs 42 are arranged. The reason for this is that a position, 
which meets at least one of these conditions., makes a dead space (there is no possibility 
that the optical sheet is extended to this position) relative to the position of the optical 
Sheet even taking account of errors in design. Meanwhile, in the emhorirme,nt ; as 
shown in Figs. 5A and 5B, the protrusions 24 arc provided on the lower portion of the 
Side surface Of the second housing 1, and notches 1 4 formed on the lower portion of the 
side surface of the first housing 1 arc fitted right and left the protrusions. Thciefotc, 
the terrace SI cannot he screwed to the terrace 77 in a position near the side surface of 
the second housing 2 where the notches 14 are fitted. Hcicupun, as shuwii in a lower 
portion of Fig. 6, the terrace 72, on an end of which the protrusions 24 are formed, is 
used for screwing. This is because the notches 14 are not fitted on the underside of the 
terrace 22. Also, the entire terrace 32 of the third housing 3 ip not extended to the 
inner wall on the side surface of the second housing 2 f but a portion used for the above- 
mentioned screwing is extended as the terrace 321 to the inner wall on the aide surface 
of the second housing 2 and ends thereof are used tor screwing as shown in Figs 7 and 
6. 

In addition to the above-mentioned screwing and fitting into the recess, the 
terrace 32 of the thiid housing 3 and ihc terraces 22, 221 of the second housing 2 may 
be fixed to one another by providing clips (not shown) on, for example, the terrace 22 of 
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the second housing 2 and having them interposing Therebetween the aprons 321 f which 
project from the terrace 32 of the third bousing 3. The clips may be installed by fixing 
elastic clip members to the terrace 22 by way of screws, soldering or welding, but in the. 
case where the second housing 2 is formed from elastic metals, resins or the like, it may 
he, partially formed with notrb.es and portions thereof may be raised toward the contact 
surfaces of the aprons 321. Li lliis case, Lhc aprons 321 are fixed by the use of righting 
forces of the notch portions of the terrace 22. 

The third housing 3 is fixed to the second housing 2 to complete the liquid 
crystal display device according to the embodiment. Fig, 31 shows an external 
appearance of a liquid crystal display module MDL as viewed from a III direction of tfg. 
1. As compared with the perspective view shown in Fig. 3H, the external appearance 
becomes neat and clear. These liquid crystal display devices are also called a liquid 
crystal display module, and arc actually incorporated into housings of personal 
computers, liquid crystal display monitors or televisions to be. sold to consumers. 
(Setting of the Protrusions 31 on the Upper Surface of the Tliiid Housing 3> 

Although not conspicuous in the external appearance shown in Fig. 31, an 
upper end of the voltage trajisforiualioii element 72 mounted on the timing-converter 
- board 7 actually projects in many cases from the underside of the §ide surface of the first 
housing 1. Also, when seen in the IV direction in Fig. 1, that is, from a side where the 
light source control circuit board 8 is mounted, upper ends of the voltage transformation 
elements 81 mounted on the light source control circuit board 8 project from the first 
side surface as shown in the perspective view shown in Fig. 4. 

When elements fivp.d to the. housings assembled in this manner project, there is 
caused the possibility that these elements may be biokcn at the lime of mounting of the 
liquid crystal display devices onto set products such as personal computers, liquid crystal 
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display monitors or televisions. Also, there is caused a similar possibility at the time of 
shipment of the liquid crystal display devices to makers of the above-mentioned set 
products. 

In the present invention, the protrusions 31 are provided on the uypci suilacc 
(back side as viewed from a user of the liquid crystal display device) of the third 
housiug 3 iu oidci to piuicct elements (electronic parts and so on) fixed to the housings, 
which constitute the liquid crystal display device, from the above-mentioned breakage. 
The reason for provision of the protrusions 31 on the third housing 3 is as follows. 

As described above, the third housing 3 is provided with the light 3ourcc unit. 
Meanwhile, the first housing 1 and the second housing 2 grasp the liquid crystal display 
panel 4 by peripheral edges of the upper and lower surfaces thereof to receive the liquid 
crystal display panel 4 therebetween as described above. One of' the upper and lower 
surfaces of the liquid crystal display panel 4 must have light from the light source unit 
being incident, upon a liquid crystal layer provided therein, and the other of the upper and 
lower surfaces must display an image, which is gcnciatcd by modulation of the li^hl at 
the liquid crystal layer, to a user of the liquid crystal display device. Because of this, 
the first housing 1 aud the second housing 2 are formed with openings (for example, the 
opening 11 of the first housing 1 shown in Fig. 3A) along the surface (the main surface 
of one of the substrates 441, 442 contained in the panel) of the liquid drystal display 
panel A. In contrast, it is not necessary to form any opening on a member (an upper 
portion of the upper surface 33 in Fig. 3K) of the third housing :\ which holds the Light 
source unit. Therefore, mounting of the timing-converter board 7 and the light souicc 
control circuit board 8 on the member is desired in stably fixing these boards to the 
liquid crystal display device. Accordingly, electric circuit elements being protected by 
the protrusions 31 are fixed to the timing-converter board 7 and the light source control 
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circuit board 6, so that they arc naturally disposed on the upper surface 3.i ot the third 
housing 3. 

Also, since the first housing 1. and the. second housing 2 protect a peripheral 
edge of the liquid crystal display panel 4 as well as the drive ICs, they become large in 
area along the surfaces of the liquid crystal display panel A. In contrast, the light source 
unit suffices to supply light to the image display area SC in the liquid crystal display 
panel 4 ? and so its area along the surfaces of the liquid crystal display panel 4 may suffice 
to correspond to the image display area 5C or enlarge the surrounding a little (needs not 
be enlarged to a side of the drive ICs). As apparent from this, the first housing 1 and 
the second housing 2 are formed to be larger than the third housing 3 as viewed in a 
direction (for example, from a viewpoint in Tig. 6) perpendicular to the suifacc uf the 
liquid crystal display panel 4. In other words., the upper surface 33, the side surfaces 34 
and the terrace 32, which constitute the third housing 3 ? arc contained in the respective 
outer frames of the first housing 1 and the second housing 2. 

Therefore, the provision of the piulxusiuns 31 or their equivalent on the third 
housing 3 rather than on the first housing 1 and the second housing 2 is effective in 
pi electing the above-mentioned electric circuit elements arranged on the upper surface 
33 of the third housing 3. 

Figs. 7A and 7B are illustrations of a first constitution according to the 
invention, Fig. 7 A showing the case where the liquid crystal display device shown in Fig. 
51) is reversed up and down. In the following explanation, a dimension of the liquid 
crystal display device along a vertical direction in Fi&. 7 is icpicscnlcd as "thickness" or 
"height", and a dimension of the liquid crystal display device along a direction laterally 
acioss Fi&- 7 is tcpicscnicd as "width" or "area". 
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Seeing Fig. 7 A on The assumption that rhe protrusions 31 are not present on 
the upper surface 33 of the third housing 3, it is found that a thickness hi of the liquid 
crystal display device is determined by the voltage, transformation elements 81 on the 
light source control circuit board 8. In the case where the liniiii^-coiivciLci board 7 
and the light source control circuit board 8 are not provided on the upper surface 33 of 
the iliiid housing 3, the thickness of the liquid crystal display device is determined by a 
difference h, in level between the upper surface 12 of the first housing 1 (see Fig- 3A) 
and the upper surface 33 of the third housing 3 (see Fig. 3F) (the hangers 333 are 
neglected). Therefore, the protrusions 31 are provided on the upper surface 33 of the 
third housing 3, and their height hb is determined so as to satisfy the relationship h b >(hj 
h^). As a result, although the thickness (maximum thickness) of the liquid crystal 
display device is increased to h, (however, h t > h^ a work of mounting the. liquid crystal 
display device on set products is not adversely affected because a position wheic the 
protrusions M are formed is set back from the peripheral edge of the liquid crystal 
display device. 

In some cases, makers of set products provide light source drive circuits on 
bodies of such set pioducts as pcisoual computers and the like to make use of a liquid 
crystal display device in a state, in which the light source control, circuit board 8 is not 
mounted on the liquid crystal display device. In this case, as apparent from Fig. 7A* from 
which the light source control circuit board 8 and all elements mounted on the board arc 
all removed, the thickness ha of the liquid crystal display device except for the 
protrusions 31 is determined by the voltage transformation clement 72 on the tiiuuiK- 
convertcr board 7. As apparent from Fig. 7A, the protrusions 31 having a thickness K 
is liigher thau ucccssaAy to piotcct electric circuit elements on the timing-converter 
board 7, and rather causes the possibility of interfering with a work, in which the liquid 
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crystal display device is assembled into set produas. 

In this case, only a member of the third housing 3 is prepared which is different 
from that Shown in Fig. 7 A. The third housing '$ shown in Fig. 7B is such that the 
protrusions 31 have a thickness h« (however, hb2 >(^2 - W i$ uicl). Thcicfuic, the entire 
liquid crystal display device, on which the light source control circuit board 8 is not 
mounted, lias a thickness ha (maximum thickness) smaller than hi. 

As apparent from the above explanation, there is involved the possibility that 
depending upon whether a light source control circuit is mounted on a liquid crystal 
display device mounting thereon a liquid crystal display panel 4 having the same 
dimension, a housing of the device is substantially varied in size. In the invention, the. 
third housing 3 having the protrusions 31, which are different only in height, is prepaicd 
to accommodate variation of the liquid crystal display device, but tjie. following problems 
arise in the case where protrusions or the like are provided on die side suifaccs of the 
first housing 1 and the second housing 7 to protect the above-mentioned electric circuit 
elements. 

One of the problems is that lines for manufacture of two kinds of liquid crystal 
display device products, which <uc different from each other only with respect to the 
presence of a light source control circuit, must be provided separately from mounting of 
a liquid crystal display panel 4. Since the first housing 1 and the second housing 2 are 
both members serving to grasp the liquid crystal display panel 4, assembly on the same 
line is complex to lower productive efficiency in the case where either of the housings is 
varied in configuration. 

Another one. of the problems is that in the case where assembly of the first 
bousing 1 and the second housing 2 uf one of the two kinds of liquid crystal display 
device products is delayed, or failure generates, production itself of that kind of liquid 
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crystal display device products will be delayed. 

A configuration of the third housing 3 copes with manufacture of two kinds of 
liquid crystal display device products as in the. invention, and then the process of 
grasping of the liquid crystal display panel 4 willi the Gist housing 1 and the second 
housing 7 and intermediate products in the process are made common to the two kinds 
of liquid ciystal display device products. 

Further, the invention h3S the following advantages in conveyance of liquid 
crystal display device products. 

These will be explained using an illustration of Fig. 8 showing a condition of 
packaging at the time of shipment of liquid crystal display devices (also, rolled a liquid 
crystal display module). 

In Fig. 8, BX denotes a cardboard box tor conveyance (for example, 
decorative box), PKG denotes a packing (cushioning) material, VYN denotes vinyl bags, 
and MUI. denotes liquid crystal display modules (the above-mentioned liquid crystal 
display device products). The liquid crystal display modules MDL shown employ the 
invention, in which the protrusions 31 for protection of circuit elements are provided on 
the third housing 3 (a phualUy of ihc liquid crystal display device shown in Fig. 7A are 
shown in Fig- 8 while being reduced in size and turned 90 degrees, 

A cushioning material such as urethane foam or the like is used as the packing 
material PKG on inner walls of the cardboard box BX for conveyance. Every one of 
the liquid crystal display modules MDL is contained in the vinyl bag VYN to be received 
in the cardboard box for conveyance DX. The packing matciial PKG is also inserted 
between the liquid crystal display modules MDL, but cardboard "for cardboard boxes is 
frequently used in place of die packing material. 
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In such packaging configuration., the protrusions 31 formed on the respective 
liquid crystal display modules MDL (or the third housing 3) inhibit flexure of the packing 
material PKG inserted therebetween to prevent the flexed packing material PKG from 
pressing and breaking electric circuit elements mounted on the respective liquid crystal 
display modules MDL. 

As described above, an area of the third housing 3 extending along the main 
Surfaces of the substrates 441 y 442 (also, called a liquid crystal display board) contained 
in the liquid crystal display panel 4 is smaller than those of the first housing I and the 
6econd housing 2, Therefore, the provision of the protrusions 31 on the third housing 
3 presents an advantage that the protrusions can be located -near the elentrir circuit 
elements being protected. If the protrusions 31 were provided on the first housing 1 and 
the second housing 2, location of the protrusions 31 would be distant from the electric 
circuit elements. The packing material PKG would flew by an amount uf Ihc distance 
between the protrusions 31 and the electric circuit elements. In view of this, it is 
apparent that possible breakage of the clcctiJc circuit elements can be surely prevented 
by the provision of the protrusions 31 on the third housing 3. 

In addition, the voltage transformation elements 72, 81 mounted on the 
timing-converter board 7 and the light source control circuit boand 8 are constituted to 
include pans such as ferrite core and so on While depending upon function of voltage 
transformation, the voltage transformation elements arc highest among elements 
mounted on the timing-converter board 7 and the light sourne. control circuit board 8 in 
many cases. Also, these voltage transformation elements ate said to be susceptible of 
mechanical shocks as compared with semiconductor ICs (integrated circuit elements), 
which mc molded with a resin (resin material). It has been described that the protrusions 
31 had better be set to be higher than a top end of that element (in other words, a highest 
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element relative to the upper surface 33 of the third housing 3), which determines the 
height of liquid crystal display device except the protrusions. However, directing 
attention only to breakage ot element.*; at the time of conveyance,, the protrusions 31 may 
be set to be higher (for example, even lower than oihci sejulcuuductur ICs) than an 
upper end of a highest one among elements mounted on the upper surface 33 of the third 
housing 3. Such selling of the protrusions 31 may be altered in its standard in 
accordance with the specifications of the respective liquid crystal display devices 
(variation of electric circuit elements as mounted). 

In the above description, the protrusions 31 arc formed on the upper surface 
33 of the third housing 3 but they may be cut partially at their side surfaces 34 to have 
one ends of cut portions bent to a higher position than the upper surface 33 (in a layout 
Shown in Figs. 7A and 7B) nr may he provider! on the apronSt 32 (may be suitably 
changed in position depending upon layouts of the tiuiiug-couvcilci buaid 7 and Ihe 
light. source control circuit board 8). 
• (Maintenance of the Light Souicc Unit) 

Having been described with respect to assembly of the liquid crystal display 
device (fixing of the thud housing 3 to the second housing 2), with a second constitution 
of the invention, securing of the third housing 3 and the second, housing 2 is effected 
separately from securing of the first housing 1 and the second housing 2. This 
constitution is effective in reducing a burden in maintenance of the light source unit in 
the liquid crystal display device products (liquid rxystal display modules). 

Figs, 9A and 9D arc illustrations of a second constitution according to the 
invention, Fig 9A showing the case where a light source unit (the third housing 3, on 
which the unit is installed) is removed from the liquid crystal display device and Fig. 9B 
showing in enlarged scale a construction shown by a circle of Fig. 9A. Fig. 9A is 
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equivalent tu a construction obtained when Figs. 3H and 31 are reversed up and down. 

As described above, the terrace 32 at the other end (peripheral edge, on which 
the data drive TCs are not arranged) ot the third housing 3 is fitted into the recess defined 
by the terrace 15 on the first housing 1 and the tcitacc 221 on the second housing 2. 
When the screws 322 for securing one end (peripheral edge, on which the data drive ICs 
<uc dt tanked) uf ihc third housing 3 to the terrace 22 on the second housing 2 are 
disengaged, the one end of the third housing 3 is lifted as shown in Fig. 9A. The 
terrace 32 at the other end of the third housing 3 is small in a distance between the side 
surface 34 and an end thereof as compared with the terrace at the one end, and so can be 
moved in the recess upon lifting of the one end ot the third housing 3. The third 
housing 3 can be disengaged from the second housing 2 (the liquid crystal display 
module body MDL) in a stage, in which its one end is Med to some extent. 

The third housing 3 having been disengaged from the liquid ciyslal display 
module body Ml)l . is placed with the upper surface 33 (surface, on which the timing- 
converter board 7 and the like are mounted) facing downward, and maintenance and part 
replacement of the light source unit are carried out. For example, those cold-cathode 
fluorescent tubes 61 having been degraded in lighting performance are replaced by new 
ones. The third housing 3 shown in the drawings has the above mentioned protrusions 
31 according to the first constitution of the invention, but when such protrusions are not 
provided, a jig for grasping, for example, the terraces 32 on the both ends of the third 
housing 3 is prepared so that parts ot the timing-converter circuit and the light source 
control circuit, which arc installed on the upper surface 33 of the lliiid housing 3, are 
prevented from striking against working tables and desks. 

As apparent honi FiKS- 9A and 9B, other parts, such as the liquid crystal 
display panel 4 and the optical sheet 5, than parts relating to maintenance of the light 



NO. 1793 P. 43/57 



34 



•9000* 9E26B 9$09# BiSf W 

• 

source unit can be subjected to the maintenance work while being fixed to the liquid 
crystal display module body MDJ-. If the first housing 1 and the second housing 2 
were separated in maintenance of the light source unit, it would take mormons time tor 
engagement and disengagement of the liquid crystal display panel 4 and the optical sheet 
\ m particular, for positional registering after maintenance. As regards the optical 
sheet 5, while depending upon iis specification, a displayed image is greatly affected in 
quality by positioning of the optical sheet relative to the liquid crystal display panel 4 and 
by dust entering between the optical sheet and the liquid crystal display panel during the 
positioning work. 

The second constitution according to the invention reduces a burden on 
maintenance and examination of set products, such as personal computers, liquid crystal 
display monitors or televisions, by users or maintenance engineers for the. products, even 
in a state, in which the liquid crystal display module MDL is mounted on the set product. 

Figs. I OA-1 DC : show an example of a monitor making use of the liquid crystal 
display device embodying the second constitution according to the invention. Fig. 10A 
is a side view, Fig. 1 0B being a front view (a view seen from the monitor, that is, from a 
user's side), and Fig. IOC beius a side view skuwmg a state, in which the light source 
unit is removed in the monitor. « 

A liquid crystal display monitor 9 is composed of an image display unit 91 and 
a liquid crystal display unit support 92, the former further comprising an image display 
unit front box 911 and an image display unit rear box 912. Mounted on the liquid 
crystal display unit support arc a power source unit (not shown) for converting electric 
poweT (tor example, 1UUV) supplied from outside into a common voltage (for example, 
12 V) in the liquid crystal display wojiilui, and an interface circuit for reception Of 
signals from an external computer. 
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The liquid crystal display module MDL (profile of the liquid crystal display 
module MDL is shown by broken lines in Fig. 10B) is food inside the image display unit 
front box 91 1 by means ot screws VI U. The screws 910 extend through either or both 
of the first housing 1 and the second housing 2 oi Ca these pails to iunci walls of the 
image, display unit front box 911. The screws 910 are used to have a length not 
icachiux the third housing 3 of the liquid crystal display module MDL or contrivance is 
performed to partially recess the third housing 3 at locations where the screws 910 reach. 
This is because of preventing the screws 910 from making it impossible to disengage the 
third housing 3 from the second housing 2. 

As shown in Fig. IOC, maintenance of the light source unit ot the. liquid crystal 
display module on the liquid crystal display monitor can be performed by opening the 
image display unit front box VI 1 from the image display unit rear box 912 fixed to the 
liquid crystal display unit support 92, taking out the back surface of the liquid ciyslal 
display module MOT . (upper surface, side of the third housing 3), and then in the same 
manner as described above with icfcieuCc to Fi#s. 9A and 9B. 

While the embodiments of the invention have been concretely described above, 
the invention is nut limited to the above-mentioned embodiments and of course can be 
modified in various manners within the scope not departing from the gist of the 
invention. 

As described above, the invention makes parts and kinds of liquid crystal 
display devices common to be capable of stably and flexibly roping with commercial 
products of computer makers and television makers, which have been, piumolcd in 
various kinds. Also, it is possible to simplify maintenance of a liquid crystal display unit 
mounted on cuwpuicis, display monitors therefor or televisions, and to omit positional 
adjustment of a light source unit and a liquid crystal display panel at the time of 
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maintenance. 

While we have shown and described several embodiments in accordance with 
the present invention, it is understood that the same, is not limited thereto but is 
susceptible of numerous changes and modifications as known iu thusc skilled in the art. 
and we therefore, do not wish to be limited to the details shown and described herein but 
intend to covci all such changes and modifications as are encompassed by the scope of 
the appended claims. 
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